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1
METHOD AND SYSTEM FOR
TWO-DIMENSIONAL AND
THREE-DIMENSIONAL INSPECTION OF A
WORKPIECE

BACKGROUND OF THE INVENTION

1) Field of the Invention

Embodiments of the present invention relates to the inspec-
tion of a workpiece and, more particularly, to systems and
methods for providing two-dimensional and three-dimen-
sional information indicative of a workpiece.

2) Description of Related Art

Composite structures are commonly manufactured by pro-
gressively building up the structure with a plurality of layers
of thin composite tape (or tow) laid one layer upon another.
Typically, the operation begins by laying one or more tapes
onto a starting template or tool that has a configuration gen-
erally corresponding to the desired shape of the article to be
produced. A tape placement head of a manufacturing system
moves over the surface of the template, guiding the one or
more tapes of composite material onto the template. The head
usually makes repeated passes over the template in a defined
pattern until the composite material is entirely collated, build-
ing up successive layers of the composite tape to form the
desired workpiece. A compaction roller is typically used for
pressing the tape against the workpiece, thereby facilitating
adhesion of the successive layers. The workpiece may then be
subjected to a curing process (e.g. heating) to further adhere
and bond the composite layers. Conventional systems for
forming composite structures using successive layers of tape
include those systems disclosed, for example, in U.S. Pat. No.
6,799,619 issued to Holmes et al., and U.S. Pat. No. 6,871,
684 issued to Engelbart et al.

The measurement accuracy required by the manufacturing
specification, which is in turn driven by design requirements,
in areas such as ply boundaries, tape edge gaps and overlaps,
material wrinkles, and the presence of foreign object debris
(FOD), has created a need to make those measurements with
a robust automated system. Prior and emerging art, using
various machine vision technologies, have provided limited
capabilities to meet these requirements. As such, manual
visual inspection of composite plies is frequently employed,
which may be unreliable, inefficient, and subject to operator
error. Namely, the machine must be stopped and the process
of laying materials halted until the inspection is complete.
During the inspection, the operator verifies the dimensions of
any suspect defects and quantifies the number of defects per
given unit area. The defects are repaired as needed and laying
of'the next ply proceeds. Therefore, current visual inspection
techniques are insufficient to move into a production environ-
ment with systems that require efficient and reliable inspec-
tion of the workpiece.

It would therefore be advantageous to provide systems and
methods for inspecting a workpiece to increase the reliability
and accuracy of the inspection of the workpiece. In addition,
it would be advantageous to provide systems and methods to
increase the quality of a workpiece, the production rate, and
inspection efficiency, as well as reduce the overall cost of the
manufacturing and inspection processes.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the invention may address at least some of
the above needs and achieve other advantages by providing
systems and methods for inspecting a workpiece. Generally,
embodiments of the present invention utilize laser generators
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and/or light-emitting diode (LED) arrays of various geomet-
ric configurations to illuminate a workpiece with fan beams
and/or specifically-shaped light washes having different
respective colors. A camera captures an image indicative of
the portion of the workpiece illuminated by the laser genera-
tors and/or LED arrays such that a data system can process the
image to generate information indicative of the workpiece.
The laser generators and/or LED arrays are configured to
illuminate the workpiece such that embodiments of the
present invention are capable of providing both two-dimen-
sional and three-dimensional information indicative of the
workpiece, as well as capable of providing such information
during processing of the workpiece.

In one embodiment of the present invention, a system for
inspecting a workpiece is provided. The system includes a
plurality of illumination sources (e.g., one laser generator and
two LED arrays) positioned proximate to the workpiece and
each operable to illuminate at least a portion of the workpiece
with at least one respective illumination beam (e.g., a fan
beam or structured LED light wash), wherein each illumina-
tion source has a different respective color. The system also
includes at least one camera positioned proximate to the
workpiece that is operable to capture one or more images ofat
least a portion of the workpiece in response to illumination of
at least a portion of the workpiece by the illumination beam.
In addition, the system includes a data system capable of
providing two-dimensional and three-dimensional informa-
tion indicative of the workpiece based on the image acquired
by the camera.

According to various modifications of the system of the
present invention, the illumination sources produce respec-
tive illumination beams that are configured to illuminate a
respective feature of the workpiece, such as respective edges
of a gap in the workpiece. In addition, each of the laser
generators and/or LED arrays may be positioned to provide a
respective fan beam and/or light wash that illuminates the
workpiece at an oblique incidence angle. Furthermore, the
data system may provide information indicative of respective
edges of a workpiece, a gap in the workpiece, a topology of
the workpiece, a shape of the workpiece, and/or a flaw in the
workpiece. The data system may also combine information
attributable to the illumination beams that are generated by
each of the plurality of illumination sources and that are
independent from one another, and/or provide information
indicative of the workpiece during processing of the work-
piece.

An additional aspect of the present invention provides a
method for inspecting a workpiece. The method includes
illuminating at least a portion of the workpiece with a plural-
ity of colored illumination beams (e.g., fan beams and light
washes), and capturing at least one image of at least a portion
of the workpiece illuminated by the illumination beams. In
addition, the method includes providing two-dimensional
and three-dimensional information indicative of the work-
piece based on the captured image.

According to variations of the method, the method further
includes performing a manufacturing process on a moving
workpiece during the illuminating and capturing steps, while
the illuminating step may include illuminating at least a por-
tion of the workpiece with at least one colored illumination
beam in a direction substantially perpendicular to the moving
workpiece. The method could also include combining infor-
mation that is attributable to each of the plurality of illumi-
nation beams and that is independent from one another. The
providing step may include providing information indicative
of respective edges of a workpiece, a gap in the workpiece, a
topology of the workpiece, a shape of the workpiece, and/or a
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flaw in the workpiece. The illuminating step could include
illuminating the plurality of colored illumination beams with
respective illumination sources (e.g., laser generator or LED
array). Moreover, the providing step could alternatively
include determining the color of a respective colored illumi-
nation beam, a shape of a respective colored illumination
beam, a location of a respective illumination source, and/or a
pointing direction of a respective illumination source. The
illuminating step may include illuminating the workpiece
with a respective colored illumination beam at an oblique
incidence angle.

A further aspect of the present invention includes an
inspection system for inspecting a composite workpiece
laminated with composite tape plies. The system includes a
plurality of illumination sources (e.g., laser generators and/or
LED arrays) positioned proximate to the workpiece and each
operable to illuminate at least a portion of the workpiece with
at least one respective illumination beam (e.g., fan beam or
light wash), as well as a camera positioned proximate to the
workpiece and operable to capture at least one image of at
least a portion of the workpiece in response to illumination of
at least a portion of the workpiece by the illumination beams.
Each of the illumination beams may be a respective color. The
system further includes a data system capable of providing
information (e.g., two-dimensional and three-dimensional
information) indicative of the workpiece based on the image
acquired by the camera. The system may provide information
indicative of respective edges of a tape ply, a gap between tape
plies, a topology of a tape ply, a wrinkle in a tape ply, and/or
a flaws in a tape ply.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Having thus described the invention in general terms, ref-
erence will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIG. 1 is a perspective view of an inspection system
according to one embodiment of the present invention;

FIG. 2 is an image of a workpiece obtained using the
inspection system of FIG. 1;

FIG. 3 is a perspective view of one method of applying
more than one laser fan-beam illuminator to a given image
frame; and

FIG. 4 is a flowchart illustrating a method for inspecting a
workpiece according to one embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all embodiments of the invention are
shown. Indeed, the invention may be embodied in many dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements through-
out.

Referring now to the drawings and, in particular to FIG. 1,
there is shown an inspection system for identifying and locat-
ing features in a workpiece. The system 10 includes a camera
12 and a plurality of illumination sources 14abc, in some
combination determined by the type of workpiece to be
inspected, that cooperate to acquire data indicative of the
workpiece 18. The camera 12 and illumination sources 14abc
are in communication with a data system 16 such that the data
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system may provide and/or process data captured by the
camera. For example, the data system 16 could provide char-
acteristic information of a feature captured by the camera 12.
As will be explained in further detail below, the inspection
system 10 utilizes both two-dimensional (2D) and three-di-
mensional (3D) information in conjunction with in-process
inspection such that more efficient and reliable detection and
characterization of features in the workpiece 18 are provided.

The term “feature,” as used herein, is not meant to be
limiting, as a feature could be any aspect, discontinuity,
imperfection, defect, or flaw in the workpiece that may
require attention by a technician, such as for repair or replace-
ment of the workpiece or a portion of the workpiece. For
example, a flaw could be a material wrinkle or foreign object
debris (“FOD”), such as paper, plastic sheet, resin balls, car-
bon fiber “fuzzballs,” or other material inimical to the pro-
duction of composite parts. Moreover, the system 10 can
detect the presence of features associated with the workpiece
that would not ordinarily be characterized as a “flaw,” such as
aply boundary, topology, shape/contour, or a tape edge gap or
overlap, the positioning of which are requirements of the
engineered workpiece design specification.

The inspection system 10 could be used to inspect any
number of workpieces in a variety of industries where detec-
tion of features of the workpiece is required or desired, such
as in the aircraft, automotive, or construction industries.
Thus, the term “workpiece” is also not meant to be limiting, as
the inspection system 10 could be used to inspect any number
of parts or structures of different shapes and sizes, such as
machined forgings, castings, or panels. For instance, the
inspection could be performed on newly manufactured work-
pieces or existing workpieces that are being inspected for
preventative maintenance purposes. Further, the workpiece
could be any number of composite, plastic, and/or metallic
materials.

Moreover, the system 10 could be used during the assem-
bly or processing of the workpiece (e.g., as composite tape is
being laid upon a mandrel), as well as before or after assembly
for providing information characteristic of the workpiece. For
example, the system 10 could be utilized during the manu-
facture of aircraft wing skins or stringers, such as in conjunc-
tion with a lamination machine for laying onto a workpiece
composite tape (typically 1" or wider material) or tow (typi-
cally less than 1" in width) plies of varying shapes. Differing
width material may be applied to a given ply, depending upon
engineering requirements. A lamination machine, as known
to those skilled in the art, is a device for laying this resin-
impregnated carbon fiber material onto a mandrel to form a
workpiece and can have various configurations. For instance,
the lamination machine could include a gantry and a plurality
of'tape heads for laying down tape of composite material. The
gantry is capable of translating so that tape is laid as the
mandrel rotates and as the gantry translates longitudinally.
However, although the system 10 is discussed herein in con-
junction with a lamination machine for laying composite tape
or tow plies onto a workpiece, the system could be employed
to inspect various workpieces during various processes. The
system 10 can be mounted onto a moving lamination head, a
separate moving gantry, or statically on any portion of the
machine that has appropriate access to the workpiece, and
may be enabled, disabled, or dynamically reconfigured
according to the requirements of a particular manufacturing
process.

The inspection system 10 could also be used in conjunction
with an image-projecting device. The image-projecting
device could be any device capable of projecting a visible
image onto the workpiece. For instance, the image-projecting
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device could be a laser projector or a digital projector capable
of projecting an image indicative of a feature captured by the
camera 12 such that the location of the feature can be readily
identified. In addition, the image-projecting device could
project images for facilitating the manufacture of the work-
piece, such as a template for locating laminate plies during lay
up of the composite tape. An exemplary projection system is
disclosed in U.S. patent application Ser. No. 11/293,443,
entitled “System for Projecting Flaws and Inspection Loca-
tions and Associated Method,” which is assigned to the
present assignee and incorporated herein by reference.

As described above, the camera 12 and illumination
sources 14abc are employed to inspect a workpiece and com-
municate with a data system 16. In many cases, communica-
tions cable(s) of wire or optical fiber transmit data between
the camera 12 and the data system 16. In other embodiments,
the data may be transmitted between the camera 12 and the
data system 16 via wireless communications. The camera 12
may be directly connected to the data system 16, or indirectly
connected, such as via a network. In further embodiments of
the present invention the data system 16 may be located
proximate to the camera 12, such that remote connections
between the camera and data acquisition system are not nec-
essary.

The data system 16 could include a processor or similar
computing device operating under the control of imaging
software so that any features in the workpiece may be char-
acterized. Although the data system 16 may process the data
upon receipt, the data system may also include a memory
device for storing the data, such as for subsequent review and
analysis. Thus, the data system 16 could simply be a database
for storing location information and/or data indicative of a
feature, such that the information may accessed at a later time
and processed by the same data system or another data system
for characterizing features in the workpiece. The data system
16 is capable of generating data and/or images indicative of a
feature of the workpiece and may also allow a user to store
and edit previously generated data and/or images, such as in
the memory device. However, it is understood that the data
system 16 need not generate images, as the data system could
mathematically collect and analyze data and generate, for
example, location information of various workpiece features
in terms of coordinates or the like.

In particular embodiments, the data system 16 is config-
ured to display images representing data captured by the
camera 12 in real time such that a real-time video display of
the captured data may be shown. Also, in particular embodi-
ments, the data system 16 is configured to allow a user to
capture one or more still images of the data and, for example,
to display the still images on a display screen or print the
images. However, it should also be understood that the cam-
era 12 may be adapted to capture images at pre-determined
times and then to send the images to the data system 16 for
display by a graphical interface or for output by an output
device, such as a printer.

It is further understood that each camera 12 may include an
associated data system 16, while each data system may, in
turn, be in communication with a central data system. Thus, a
central data system in such a tiered architecture could collect
and/or further analyze images captured by respective cameras
12 and/or images or other data provided by respective data
systems 16. In addition, the data system 16 includes a pro-
cessor or other computing device that may be adapted to
execute one or more applications (e.g., programs) and to
otherwise operate under control of a standard operating sys-
tem. For instance, the data system 16 may employ various
software programs for processing and displaying the images
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6

captured by the camera 12. As will be explained in further
detail below, the data system 16 and, more particularly, the
software programs executed by the data system can employ
various algorithms for analyzing and interpreting the images
captured by the camera 12. Typically, the operating system
and the various applications, e.g., software programs, are
stored in the memory device or are otherwise accessible to the
processor or other computing device.

The camera 12 is any suitable camera or other image cap-
turing device capable of capturing data indicative of the work-
piece such that the data system 16 can process the data and
determine whether a flaw is present and/or provide informa-
tion indicative of various features of the workpiece 18. In
particular, the camera 12 typically captures images of the
workpiece, and the data system 16 processes the images. The
camera 12 is positioned to capture images generally perpen-
dicular to the workpiece 18, although the camera could be
located at other positions and/or orientations if desired, such
as in instances in which the surface of the workpiece is non-
planar or where a particular feature desired to be detected
requires or is best imaged with a particular orientation of the
camera. The inspection system 10 may include one or more
cameras 12, such as a respective camera for each tape laying
head. The camera 12 may be a commercially-available cam-
era capable of acquiring color images, not necessarily limited
to the visible spectrum of light. For example, in one embodi-
ment, the camera 12 is a television or other type of video
camera, an infrared-sensitive camera, a visible light camera
with infrared-pass filtration, a fiber optic camera, a coaxial
camera, Charge Coupled Device (CCD), or Complementary
Metal Oxide Sensor (CMOS). The camera 12 may also
include filter systems or other features by which one or more
specific frequencies of light are recorded. The camera 12 can
be positioned proximate the workpiece on a stand or mounted
to a frame or similar device. For instance, the camera 12 could
be carried proximate to a tape laying head on a lamination
machine and translate along with a gantry.

The illumination sources 14abc typically include laser
generators and/or LED arrays such that the illumination
source is any device capable of illuminating the workpiece 18
with an illumination beam, such as a planar fan beam or
shaped light wash. As shown in FIG. 1, there is a laser gen-
erator 14a and a pair of LED arrays 144c that are capable of
illuminating a workpiece 18 with a fan beam and light
washes, respectively. A planar fan beam may be oriented by
rotating around its optical axis such that the fan produces a
line on the workpiece perpendicular to the optical axis of the
laser generator, in the plane perpendicular to the workpiece
described by the incidence angle of the laser generator, or at
any angle in between. The pitch or roll angle of the illumina-
tion sources 14abc could also be varied to change the inci-
dence angle of a respective illumination beam on the work-
piece 18. Thus, the laser generator 14a could be a laser
projector, a laser scanner, or the like capable of illuminating
the workpiece 18 with a fan beam. The fan beam is generally
abeam of light that spans outwardly in a plane from its origin
location. Each LED array 14bc, as known to those of ordinary
skill in the art, is generally an arrangement of bulbs for gen-
erating a light wash, such as a beam oflight or other structured
light that is configured to illuminate a specific feature on the
workpiece 18. Each illumination source 14abc is capable of
illuminating the workpiece 18 with structured light having a
respective color (e.g., red, blue, and green) or additional
specific spectral content.

The ability of the system 10 to resolve vertical changes in
topology (e.g., a gap between adjacent tape courses that
exposes the underlying ply layer) is inversely proportional to
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the total working depth of field (e.g., required if the workpiece
moves significantly in the vertical direction with respect to
the camera as the workpiece is inspected). The sensitivity of
this relationship is determined by the incidence angle of the
fan beam with respect to the surface. In the case of laser
generators 14q, a plurality may be employed in a manner that
a stack of parallel fan beams separated by some distance can
increase the depth of field for in-process inspection, increase
the surface sampling density so that small features are not
missed during inspection, and enable the ability to utilize the
same laser generators for large, static inspections by distrib-
uting a plurality of laser fan beam stripes over the surface of
the entire workpiece. For example, FIG. 1 illustrates a laser
generator 14aq that is positioned to illuminate the workpiece
18 with a respective fan beam rotated such that the laser line
drawn on the workpiece is perpendicular to the laser genera-
tor’s optical axis, in the plane of the fan beam and within the
camera’s 12 field of view 20. Laser generator 14a might
instead be a number of identical generators stacked on top of
each other, or, alternatively, include an optical device that
repeatedly replicates the fan beam such that each fan beam
intersects the workpiece at slightly different incidence angles.
One embodiment of this approach is illustrated in FIG. 3
wherein the workpiece B moves in direction C while being
illuminated by two fan beam laser generators A, radiating fan
beams E, to produce two samples of three dimensional infor-
mation D. Note that in this arrangement the camera field of
view F contains two three-dimensional samples across the
workpiece instead of only one, thus doubling the effective
sampling rate for any given camera frame rate.

Each of the illumination sources 14abc is configured in a
specific geometric location and pointing direction depending
on the type of feature desired to be detected. Additionally, an
LED array 14b¢ may be of a specific shape to enhance par-
ticular features present in the workpiece. As shown in the
embodiment illustrated by FIG. 1, the laser generator 14a is
positioned to illuminate the workpiece 18 at an oblique inci-
dence angle, where the incidence angle is an angle measured
between a line drawn parallel to the workpiece and the fan
beam. According to one aspect of the present invention, the
incidence angle is shallow (e.g., less than about 30°). A range
of incidence angles from approximately 5° to 30° may be
employed in order to match the required measurement accu-
racy of tape laps and gaps to the desired vertical depth of field
of the embodiment, and to generate more data indicative of
surface debris in order to separate actual tape edges from
common ridge-like structures in central regions of the work-
piece 18. The edges 24, 26 of the workpiece 18 are generally
parallel with the direction of movement of the workpiece
(shown as direction of arrow 22) during processing. A pair of
LED arrays 14bc are positioned to generate linear light
washes that are generally parallel to the direction of move-
ment of the workpiece 18 and more importantly parallel to the
edges of gaps, while the laser generator 14a is positioned to
generate a fan beam generally perpendicular to the direction
of movement of the workpiece. The pair of LED arrays 145¢
is thus configured to illuminate respective edges 24, 26 of a
gap 28, while the laser generator 14a is capable of generating
a fan beam configured as a line 30 on the workpiece 18 and
thus highlighting a gap by the mechanism of a “step” in the
laser line as seen by the camera 12. Each of the pair of LED
arrays 14bc illuminates a respective edge 24, 26 on an oppo-
site side of the gap 28, perpendicular to the laser generator
14a. Therefore, the opposing edges 24, 26 of the gap 28 may
be differentiated when the pair of LED arrays 14b¢ and the
laser generator 14a utilize colors that can be differentiated
from one another.
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It is understood that the number and configuration of the
camera 12 and illumination generators 14abc shown in FIG.
1 are not meant to be limiting. In this regard, there may be any
number of laser generators and/or LED arrays 14abc
arranged in particular geometric configurations depending on
the type of workpiece 18 being inspected and/or the features
desired to be detected. In addition, there may be one or more
cameras 12 utilized depending on the area of the workpiece
18 to be protected, as well as various other factors, such as the
desired speed or accuracy of inspection. Furthermore, and as
indicated above, the workpiece 18 may be various sizes and
configurations and include features associated with the work-
piece that are not limited to the particular gap 28 shown in
FIG. 1. For example, the system 10 is capable of providing
substantive and robust information indicative of respective
edges of a workpiece, a topology of the workpiece, a shape of
the workpiece, and a flaw in the workpiece (e.g., presence or
location of the flaw). With respect to composite workpieces
18, the system 10 is further capable of providing information
indicative of respective edges of a tape ply, a gap between tape
plies, a topology of a tape ply, a wrinkle in a tape ply, and/or
a flaw in a tape ply (e.g., FOD including paper, plastic sheet,
resin balls, carbon fiber, “fuzzballs,” or other material inimi-
cal to the production of composite workpieces.

Atthe lowest level in the system 10, each of the plurality of
illumination sources 14abc may provide a specific and sepa-
rate degree of information regarding location and type of a
workpiece feature or portion of a feature, which may be a tape
or tow gap or overlap, a topological or boundary measure-
ment, an end-of-tape condition, presence or absence of spe-
cific tows within a course, twists or displacements of tows,
puckered, torn or wrinkled tape, or a flaw comprised of vari-
ous types of foreign object debris such as backing paper,
plastic film of various transparencies and colors, resin balls,
carbon fiber balls, or other material deleterious to the work-
piece. These separate pieces of information are first used to
classify (identify) the presence or absence of these features in
the camera’s 12 image frame, using both general mathemati-
cal techniques and specific and unique methods suggested by
the nature of the workpiece being inspected, after which the
importance of the particular set of features is weighted and/or
selected to perform a further measurement of extent and type
using other algorithms derived from empirical experience
with the use of the system on a large range of actual work-
pieces. This last step of measurement may then be compared
with engineered specifications for the particular portion of the
workpiece to generate out-of-specification indicators for later
correction or for use in conjunction with various methods of
indicating flaw type and location to a human operator.

As shown in FIG. 2, an exemplary image of a workpiece 18
captured by a camera 12 is shown. The image demonstrates
that the edges 24, 26 are clearly shown as continuous lines
within the image frame, while the laser line 30 is also shown
extending generally perpendicular to the lines indicative of
the gap edges. Laser line 30, which depicts a narrow slice of
the image, includes a plurality of “steps” (discontinuities,
jogs, or gap indications) 32 that also correspond to the edges
24,26 of the gap 28. Thus, the combination of the three sets of
data from each of the laser generator and LED arrays 14abc
allows a more accurate depiction and analysis of the work-
piece 18 in the presence of noise or other sources of distortion
that could affect the reliability of the inspection process. In
addition, the image would typically depict colored features
indicative of the edges 24, 26 and gap 28 such that the three-
dimensional information (wherein analysis in data system 16
is engaged with the surface topology) does not affect the
two-dimensional information contained therebelow (i.e., por-
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tions of the image generally illuminated by the combination
of the colored LED arrays 14b¢ and over which the analysis
performed in data system 16 is only sensitive to surface
reflectivity regardless of topology). Thus, the two-dimen-
sional and three-dimensional information may be readily dif-
ferentiated from one another. In other words, being that the
laser generator(s) 14a are of a color differentiable from the
LED arrays 14bc¢, all surface information in a given frame is
available to two-dimensional analysis in data system 16,
without interference from the three-dimensional analysis pro-
vided at the portions of the surface illuminated by the laser
generator(s) 14a. However, it is understood that the LED
arrays 14b¢ could be configured to illuminate the workpiece
18 such that an image provides three-dimensional informa-
tion regarding a particular feature desired to be detected.
FIG. 4 depicts a method for inspecting a workpiece accord-
ing to one embodiment of the present invention. The method
generally includes illuminating at least a portion of the work-
piece 18 with a plurality of colored structured illumination
generated by a respective laser generator 14a and LED arrays
14b¢ (block B). Moreover, the method includes utilizing a
multispectral camera 12 to capture one or more multicompo-
nent images of the workpiece 18 including the structured
illumination incident thereon (block C). The component
images are then separated and individually normalized in a
nominal fashion (block D) using a knowledge database (block
F), resulting in datasets specific to each camera color band.
The knowledge database generally includes expected prop-
erties of various features that are based on the characteristics
of' the illuminated workpiece. Low-level features, e.g., histo-
grams, are calculated and collected (block E) for each of these
datasets and forwarded to a higher-level process (block G),
which uses a knowledge database (block H) to derive more
advanced features, e.g. line edges and contiguous objects.
The database process (block H) for these operations may
dynamically change over time based on information gained
during the operation of the system, and thus is typically a
heuristic system. These high-level features are then passed to
the top-level recognition process (block I) that determines the
presence or absence of the desired workpiece features, e.g.,
gaps or overlaps between adjacent composite tape courses,
and the presence or absence of undesired workpiece features,
e.g. debris, wrinkles, puckers, etc. The recognition process is
aided by another database (block K) similar to that described
above (block H) except that it is designed to support the
recognition level, and to optionally use one or more of the
immediately previous frame(s) for additional information.
For example, in this embodiment of the present invention, the
recognition process (block I) might build up confidence in the
detection of a tape wrinkle based upon a combination of
two-dimensional information from a given image frame and
three-dimensional information from several preceding
frames. The final step of this entire process is to prepare
high-level output (block J), including both desired and undes-
ired attributes of the current workpiece state, for transmission
to an external administrative process (block A), which is
responsible for any preservation of data and/or initiation of
any real-time methods of display for human operators.
Because the information from each of the color channels
corresponding to a respective illumination sources 14abc is
orthogonal (i.e., each is independent from one another), the
data system 16 employs algorithms to detect and measure the
presence of a feature indicative of the workpiece 18 using a
simultaneous combination of all three data sets. The algo-
rithms analyze laser line signatures generated by the laser
generators 14a that may be unfocused or “fuzzy.” The algo-
rithms may provide for individual laser signature isolation by
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color separation, signature tracking during motion of the
workpiece by analyzing an anisotropic histogram of the over-
all image frame, and the extraction of small discontinuous
features from noisy image power by standard image segmen-
tation and “blob” processing. In these algorithms, the data
system 10 uses knowledge of each laser fan beam’s or LED
light wash’s color, shape, and source location and direction.
The data system 16 thus may provide two-dimensional (any
information other than that resulting from illumination of the
workpiece by means of laser fan beams) and three-dimen-
sional (that associated with the illumination of the workpiece
by means of laser fan beams) measurement of any features
associated with the workpiece 18 such that these features may
be identified in order to, for example, repair the workpiece,
facilitate further processing of the workpiece, or provide a
location for projection of flaw type and location onto the
workpiece. Thus, two-dimensional information may relate to
the information captured by a camera from the perspective of
a plan view, while three-dimensional information (e.g.,
depth) may relate to information captured by the camera
associated with the illumination beams illuminated on the
workpiece at a desired incidence angle. For instance, the data
system 16 could provide the width and height of a gap in a
workpiece 18, as well as the specific location of a feature of
the workpiece. According to one embodiment, encoders
could be employed to provide positional information for
locating features identified during the inspection process. For
example, a composite tape lamination machine could utilize
encoders on tape laying heads and/or the gantry to provide
positional information that could be correlated with the
images obtained by the camera 12. In addition, or alterna-
tively, the system can utilize a common time base (precision
clock) to tag all outputs such that the location of detected
features can be derived by correlating with time-tagged
machine head and/or gantry locations recorded by a separate
machine control system.

Thus, embodiments of the present invention may provide
several advantages. For example, the data system 16 is
capable of analyzing images to provide both two-dimensional
and three-dimensional information indicative of a workpiece
18. The use of a plurality of laser generators and LED arrays
14abc increases the depth of field for moving workpieces 18,
increases the surface sampling density so that small features
are not overlooked during inspection, and enables the deploy-
ment of the same laser generators for large, static inspections.
In addition, the system 10 utilizes fan beams having a shallow
incidence angle that is configured to detect specific features
of a workpiece to improve the accuracy of identifying the
same, as well as identifying surface debris in order to differ-
entiate actual features from common structures associated
with the workpiece (e.g., ridge-like structures in the central
regions of composite tape material). Moreover, the system 10
is capable of inspecting the workpiece 18 during processing
and in real time, which may reduce down time and increase
efficiency. The system 10 employs a color camera 12 in order
to separate two-dimensional from three-dimensional laser
signatures using spectral components to increase the two-
dimensional surface coverage and to increase the rate of
inspection by the simple mechanism of orthogonal color
separation into independent but simultaneously acquired
image frames that are analyzed separately from one another.
Thus, the system 10 provides a hybrid of two-dimensional
and three-dimensional information that enables inspection of
workpieces 18 having various surface configurations in a
single image frame interval.

Many modifications and other embodiments of the inven-
tion set forth herein will come to mind to one skilled in the art
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to which the invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
invention is not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation.

That which is claimed:

1. An inspection system for inspecting a moving work-

piece, the system comprising:

a plurality of illumination sources positioned proximate to
the workpiece and each operable to illuminate at least a
portion of the workpiece with at least one respective
illumination beam, each illumination beam having a
different respective color;

at least one camera positioned proximate to the workpiece
and operable to capture at least one image of at least a
portion of the workpiece illuminated by the illumination
beams; and

a data system capable of providing information indicative
of the workpiece based on the image acquired by the
camera;

wherein the plurality of illumination sources includes at
least one LED array;

wherein the plurality of illumination sources further com-
prises at least one laser fan beam generator;

wherein the at least one laser fan beam generator is
arranged to generate a laser beam at an oblique inci-
dence angle, and thereby produce a line of laser light on
the workpiece, the line being generally perpendicular to
a direction of motion of the workpiece, and

the at least one LED array is arranged to generate a light
wash on the surface of the moving workpiece; and

wherein the said information is two-dimensional and three-
dimensional information, the two-dimensional informa-
tion resulting from the illumination of the workpiece by
the light wash, and the three-dimensional information
resulting from the illumination of the workpiece by the
laser fan beam.

2. The system according to claim 1, wherein the plurality of

illumination sources produce respective illumination beams
that are configured to illuminate a respective feature of the
workpiece.

3. The system according to claim 1, wherein the incidence
angle of the laser beam generated by the at least one laser fan
beam generator is measured between a line drawn parallel to
the workpiece and the laser beam.

4. The system according to claim 3, wherein the incidence
angle is less than 30°.
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5. The system according to claim 1, wherein the data sys-
tem is capable of providing at least one of information indica-
tive of respective edges of the workpiece, a gap in the work-
piece, a topology of the workpiece, a shape of the workpiece,
and a potential flaw in the workpiece.

6. The system according to claim 1, wherein the data sys-
tem is capable of providing the said information during pro-
cessing of the workpiece.

7. A method for inspecting a moving workpiece, the
method comprising:

illuminating at least a portion of the workpiece with a

plurality of colored illumination beams;

capturing at least one image of at least a portion of the

workpiece illuminated by the illumination beams;

and

providing information indicative of the workpiece based

on the captured image;

wherein the said illuminating includes generating illumi-

nation using at least one LED array;
wherein said illuminating further comprises generating
illumination using at least one laser fan beam generator;

wherein the at least one laser fan beam generator generates
a laser beam at an oblique incidence angle, and thereby
produces a line of laser light on the workpiece, the line
being generally perpendicular to a direction of motion of
the workpiece, and

the at least one LED array generates a light wash on the

surface of the moving workpiece; and

wherein the said information is two-dimensional and three-

dimensional information, the two-dimensional informa-
tion resulting from the illumination of the workpiece by
the light wash, and the three-dimensional information
resulting from the illumination of the workpiece by the
laser fan beam.

8. The method according to claim 7, further comprising
performing a manufacturing process on the moving work-
piece during the illuminating and capturing steps.

9. The method according to claim 7, wherein the incidence
angle of the laser beam generated by the at least one laser fan
beam generator is being measured between a line drawn
parallel to the workpiece and the laser beam.

10. The method according to claim 9, wherein the inci-
dence angle is less than 30°.

11. The method according to claim 7, wherein the said
providing comprises providing at least one of information
indicative of respective edges of the workpiece, a gap in the
workpiece, a topology of the workpiece, a shape of the work-
piece, and a potential flaw in the workpiece.
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